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ABSTRACT 


This study was conducted to determine and compare the 
antimicrobial property of the epidermal mucus of Tilapia (Oreochromis 
spp.) from two environmental conditions, the fish tank and fishpond. 
The antimicrobial property was determined using Filter Paper Disc 
Diffusion Method with Amoxicillin and Nystatin as the positive controls 
and distilled water as the negative control. Results showed significant 
differences in the effects of the treatments when tested against 
Escherichia coli, Staphylococcus aureus, Bacillus cereus, Bacillus 
subtilis, Bacillus megaterium, Pseudomonas aeruginosa, Candida 
albicans, Aspergillus niger and Aspergillus flavus (p<0.05). The 
Duncan’s Multiple Range Test further proved that the mucus of Tilapia 
from fishpond was significantly higher in terms of antibacterial 
property compared to mucus of Tilapia from fish tank. On the other 
hand, both of the epidermal mucus of Tilapia from fishpond and fish 
tank did not show any inhibitory effect against P. aeruginosa and A. 
niger. The epidermal mucus of Tilapia showed bacteriostatic, 
fungistatic and bactericidal effects against test microorganisms. Based 
on the results, the mucus of Oreochromis spp. from fishpond and fish 
tank are potential sources of antimicrobial compounds. 


Keywords: Tilapia, Oreochromis spp., antimicrobial property, 
epidermal mucus, fish tank, fishpond 


INTRODUCTION 


Fish farming is the growing of fish in a controlled environment 
(concrete or earthen ponds), vats (wooden or fiber glass) and plastics 
(Nwokoye et al. 2007; Osawe 2007). Fish tanks allow the culturist to manage 
environmental parameters such as water temperature, dissolved oxygen 
concentration, pH and waste that can be adjusted to promote maximum 
production (DeLong et al. 2009). Since fish have limited access to natural 
foods in tanks, they must be fed a complete diet containing vitamins and 
minerals (Rakocy 2005). On the other hand, fish on ponds ranges from 
extensive systems using only organic or inorganic fertilizers, to intensive 
systems using high-protein feed, aeration (Rakocy and McGinty 1989) and 
water exchange rich in oxygen and some nutrients (Nandlal and Pickering 
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2004). Studies show that a special set of water chemistry requirements is 
essential to a healthy, balanced, and functioning aquaculture system (DeLong 
et al. 2009). The growth and health of different fish species are also influenced 
by a different range of factors, among them water quality parameters (Makori 
et al. 2017). In the Philippines, Tilapia is the second most farmed fish species 
next to milkfish (Guerrero III 2019). 


Tilapia (Oreochromis spp.) is a freshwater fish belonging to the Family 
Cichlidae. The group consists of three important genera, Oreochromis, 
Sarotherodon and Tilapia (Tower 2005). They are native to Africa, but were 
introduced into many tropical, subtropical and temperate regions of the world, 
including the Philippines, during the second half of the 20% century (Pillay 
1990). Tilapia has a number of characteristics that make them attractive for 
tank. They prefer water temperatures between 29°C and 31°C and tolerate 
wide range of salinity. They can tolerate the crowding and handling that is re- 
quired in a tank-based facility (DeLong et al. 2009) and also low dissolved 
oxygen and high ammonia concentrations better than most aquaculture 
species (Boyd 1990). They are more resistant to viral, bacterial and fungal 
diseases than other aquaculture species (World Seafood Market 2005) and 
can inhibit the spread of Vibrio and other pathogenic bacteria through the 
secretion of its mucus (Caipang et al. 2011; Wibowo et al. 2015). 


The fish skin mucus is the slimy and slippery layer covering the 
epithelial surfaces which provides a stable physical or chemical barrier against 
the invading pathogens (Dash et al. 2018). Mucus is the material that makes 
fish slippery to touch. Its slipperiness is the result of its high water content 
and the presence of high-molecular-weight, gel-forming macromolecules 
(Shephard 1994). Several roles for this sticky layer have been suggested. This 
layer acts as a lubricant (Rosen and Cornford 1971) and has mechanical 
protective function (Cameron and Endean 1973) involved in osmoregulation 
and locomotion playing a possible immunological role (Fletcher 1978) and 
controls the intra-specific chemical communication (Saglio and Blance 1989). 
There is also a growing evidence that lectins from the skin mucus of fish have 
the ability to agglutinate, opsonize and/or suppress microbial growth (Suzuki 
et al. 2003; Dutta et al. 2005; Tsutsui et al. 2006, 2007; Argayosa et al. 2011). 
The antimicrobial activity of epidermal mucus extracts against a broad range 
of microbial pathogens was observed by Hellio et al. (2002). Many researchers 
have proven that the mucus substances are good defense which can inhibit the 
spread of Vibrio and other pathogenic bacteria (Caipang et al. 2011; Wibowo 
et al. 2015) but not in the difference on the effects of mucus from Tilapia grown 
in the fish tank and in the fishpond. 


Thus, this present study aimed to evaluate the antimicrobial property 


of the epidermal mucus of Tilapia. Specifically, this study aimed (1) to 
determine the antimicrobial property of the epidermal mucus of Tilapia from 
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two environmental conditions namely concrete tanks and fishpond against 
Escherichia coli (Escherich, 1885), Staphyloccocus aureus (Ogston, 1880), 
Bacillus subtilis (Ehrenberg, 1835), Bacillus cereus (Ehrenberg, 1835), 
Pseudomonas aeruginosa (Schroeter, 1872), Bacillus megaterium 
(Ehrenberg, 1835), Aspergillus flavus (Link, 1809), Aspergillus niger (Tiegh, 
1867), and Candida albicans (Berkhout, 1923); and (2) if antimicrobial 
property is present, determine which of the epidermal mucus from two 
environmental conditions would show the higher antimicrobial property. 


METHODS 
Sample Collection and Locale of the Study 


This study was conducted in November 2016 at the Microbiology 
Laboratory of the Western Philippines University-Puerto Princesa Campus 
(WPU-PPC), Puerto Princesa City, Palawan, Philippines. The epidermal 
mucus was obtained from Tilapia grown in fish tanks of Aquatic Sciences 
Laboratory, WPU-PPC and in fish pond of Iwahig Penal Farm which are both 
locally located in Puerto Princesa City, Palawan. The mucus samples were 
freshly collected by scrapping at the dorsal part of the fish using a sterile 
spatula. For each treatment, four fish samples were collected with common 
sizes ranging from 15 to 20 cm in total length. Mucus from the four samples 
for each treatment was mixed together to make one replicate and were stored 
in a sterilized vial at 4°C. It was then placed in a cooler and immediately 
transported to the laboratory for analyses. Four biological replicates of 
epidermal mucus were prepared for each environmental condition. The 
freshly collected mucus were assayed directly for antimicrobial property. 


Culture Media Preparation 


Culture media (Nutrient agar, Nutrient broth and Potato Dextrose agar) 
preparation was done following the protocol provided by the manufacturer 
(HIMEDIA). 


Preparation of Microorganisms 


The test microbes were the opportunistic EF. coli, B. cereus, P. 
aeruginosa, A. flavus and C. albicans; disease causing bacteria S. aureus and 
A. niger; and non-disease causing bacteria B. subtilis and B. megaterium. The 
test microorganisms were purchased from stock cultures of the Mindanao 
State University, Marawi City. These cultures were used as representatives for 
the four groups of microorganisms such as Gram-negative bacteria, Gram- 
positive bacteria, molds and yeast. A 10 ml of the previously prepared nutrient 
broth was poured into test tubes with cotton plugs for sterilization at 121°C, 
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15 psi for 15 minutes. After sterilization, the culture medium was allowed to 
cool down. A loopful (0.01 ml) of each test bacterium from the selected 
microbes was then inoculated aseptically on the pre-labeled broth medium 
and covered with cotton plugs. The microbial subcultures were placed in the 
incubator for 24 hours at 37°C. 


Antimicrobial Assay 


The filter paper disc diffusion method was used to determine the 
antimicrobial property of the epidermal mucus of Tilapia. For the positive 
controls, a 500 mg Amoxicillin, which was dissolved in 10 ml sterile distilled 
water for the bacteria, and Nystatin (100, 000 units/ml) for fungi were used. 
On the other hand, 10 ml sterile distilled water was used as the negative 
control. The treatment designations were the following: T1 (positive control), 
T2 (negative control), T3 (Tilapia mucus from fish tank) and T4 (Tilapia 
mucus from fishpond). A loopful (0.01 ml) of test organisms, E. coli, S. aureus, 
B. cereus, B. subtilis, B. megaterium, P. aeruginosa, A. niger, A. flavus and C. 
albicans from the subcultures were inoculated into the sterile nutrient agar 
(20 ml) by direct seeding before pouring it into Petri dishes and allowed to 
solidify. The previously sterilized filter paper discs (cut by paper puncher to 6 
mm diameter) were soaked to the freshly collected mucus samples (from 
fishpond and fish tank) and in the positive and negative control using sterile 
forceps. These impregnated discs were placed on the designated areas (4 discs 
on 1 plate) (Figure 1). Four replicates for each treatment were prepared. The 
Petri plates were incubated for 24 hours to allow microbial growth. After 24 
hours, the plates were examined and zones of inhibition were measured using 
standardized transparent ruler (in mm). 


Figure 1. Filter Paper Disc Diffusion Test 
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Statistical Analyses 


The data on the zones of inhibition of the treatments against E. coli, S. 
aureus, B. cereus, B. subtilis, B. megaterium, P. aeruginosa, A. niger, A. 
flavus and C. albicans were analyzed using one-way analysis of variance 
(ANOVA) to test the significant differences. The data were subjected to 
Duncan’s Multiple Range Test (DMRT) to compare the means using IBM SPSS 
Statistics 20 software. 


Diameter of Zones of Inhibition Interpretative Standard for Test 
Microorganisms 


The zones of inhibition were interpreted using the Laboratory Manual 
of Standardized Methods for Antimicrobial Sensitivity Tests (Tendencia 2004; 
Table 1). 


Table 1. Zones of Inhibition Interpretative Standard for Test Microorganisms. 


Test Microorganisms Interpretative Criteria 
Sensitive | Intermediate | Resistant 

Escherichia coli >18 14-17 <13 
Staphyloccocus aureus 20 - 19 

Bacillus subtilis >18 14-17 <13 
Bacillus cereus >18 14-17 <13 
Bacillus megaterium >18 14-17 <13 
Pseudomonas aeruginosa >18 14-17 <13 
Candida albicans >18 14-17 <13 
Aspergillus niger >15 10-14 <10 
Aspergillus flavus >15 10-14 <10 

RESULTS 


The epidermal mucus of Tilapia from fishpond showed higher 
inhibitory effect against S. aureus, B. subtilis, B. cereus and C. albicans 
compared to the effect of epidermal mucus of Tilapia from fish tank. It also 
showed inhibitory effect against E. coli, B. megaterium and A. flavus while the 
epidermal mucus of Tilapia from fish tank did not. Both of the epidermal 
mucus didn’t show any zone of inhibition when tested against P. aeruginosa 
and A. niger. Table 2 shows the mean zones of inhibition of the treatments 
against the nine test microorganisms which were subjected to ANOVA and 
Post Hoc test (Duncan’s test). 
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Table 2. Inhibitory effects of the treatments against Test Microorganisms. ** - 
highly significant at a= 0.01; * - significant at a= 0.05; Different letters signify 
significant difference at a=0.05. 


Mean + sd 
Test (mm) zones of DMRT* F-value Pp- 

Microorganisms/Treatment inhibition value 
Escherichia coli 
Positive control 37.5+2.68 A 
Negative control e) C a 
Mucus of Tilapia from fish tank re) C 33.96 Peon 
Mucus of Tilapia from fishpond 11.5+2.68 B 
Staphyloccocus aureus 
Positive control 15+1.19 A 
Negative control e) C 
Mucus of Tilapia from fish tank 8.375+1.19 B paieere e20e 
Mucus of Tilapia from fishpond 8.75+1.19 B 
Bacillus subtilis 
Positive control 40+1.60 A 
Negative control (e) D 
Mucus of Tilapia from fish tank 9.25+1.60 C 153.54" Rieee 
Mucus of Tilapia from fishpond 15.25+1.60 B 
Bacillus cereus 
Positive control 41.25+2.68 A 
Negative control e) D a 
Mucus of Tilapia from fish tank 12.75+2.68 Cc 57-87 2000 
Mucus of Tilapia from fishpond 2042.68 B 
Bacillus megaterium 
Positive control 2040.88 A 
Negative control O C 
Mucus of Tilapia from fish tank re) C Pee) cOs000 
Mucus of Tilapia from fishpond 8.5+0.88 B 
Pseudomonas aeruginosa 
Positive control 8.5+0.35 A 
Negative control fe) B 
Mucus of Tilapia from fish tank O B Beg ROP ||| S000 
Mucus of Tilapia from fishpond e) B 
Candida albicans 
Positive control 19.5+1.70 A 
Negative control O C 
Mucus of Tilapia from fish tank 13.6+1.70 B 15.02" alae 
Mucus of Tilapia from fishpond 13.75+1.70 B 
Aspergillus niger 
Positive control 14.5+0.35 A 841.00** | 0.000 
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Mean + sd 
Test (mm) zones of DMRT* F-value Pp- 

Microorganisms/Treatment inhibition value 
Negative control O B 
Mucus of Tilapia from fish tank e) B 
Mucus of Tilapia from fishpond e) B 
Aspergillus flavus 
Positive control 20+0.72 A 
Negative control O C 
Mucus of Tilapia from fish tank O Cc 335-74" | 0-000 
Mucus of Tilapia from fishpond 7.75+0.72 B 


Effects of Treatments against E. coli 


In this study, epidermal mucus of Tilapia from fishpond showed zones 
of inhibition when tested against E. coli while the epidermal mucus from fish 
tank did not (Figure 2; ECR4). ANOVA proved that there were significant 
differences in the effects of the treatments when tested against E. coli while 
DMRT showed that the antimicrobial property of epidermal mucus from 
fishpond differ significantly compared to other treatments although not 
comparable to positive control when tested against E. coli. 


Effects of Treatments against S. aureus 


The epidermal mucus of Tilapia from fish tank and fishpond showed 
zones of inhibition when tested against S. aureus (Figure 2; SAR1). The 
ANOVA showed that there were significant differences in the effect of the 
treatments when tested against S. aureus. DMRT proved that the epidermal 
mucus from fishpond and fish tank are both comparable to each other but not 
to positive control when tested against S. aureus (Table 2). 


Effects of Treatments against B. subtilis 


The epidermal mucus of Tilapia from fishpond and fish tank both 
showed zones of inhibition against B. subtilis (Figure 2; BSR2). Between the 
two treatments that showed inhibitory effects, the epidermal mucus of Tilapia 
from fishpond showed the higher zones of inhibition. The ANOVA showed that 
there were significant differences in the effects of the treatments when tested 
against B. subtilis. DMRT further proved that epidermal mucus form fishpond 
was significantly higher in terms of antibacterial property but not comparable 
to positive control (Table 2). 
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Figure 2. A representative replicate of epidermal mucus showing zones of 
inhibition against test microorganisms: Escherichia coli (ECR4), 
Staphyloccocus aureus (SAR1), Bacillus subtilis (BSR2), Bacillus megaterium 
(BMR3), Bacillus cereus (BCR4), Candida albicans (CAR2) and Aspergillus 
flavus (AFR3). FP stands for mucus of tilapia from fishpond and FT stands for 
mucus of tilapia from fish tank. Circles highlight the zones of inhibition. 


Effects of Treatments against B. cereus 


Both of the epidermal mucus from fish tank and fishpond showed 
zones of inhibition when tested against B. cereus (Figure 2; BCR4). The 
ANOVA showed that there were significant differences in the effects of the 
treatments against B. cereus. Duncan’s test proved that the epidermal mucus 
of Tilapia from fishpond was significantly higher compared to epidermal 
mucus of Tilapia from fish tank but not comparable to positive control when 
tested against B. cereus (Table 2). 
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Effects of Treatments against B. megaterium 


In this study, the epidermal mucus of Tilapia from fishpond showed 
zones of inhibition when tested against B. megaterium while the epidermal 
mucus of Tilapia from fish tank did not (Figure 2; BMR3). The ANOVA showed 
that there were significant differences in the treatments against B. cereus. 
DMRT proved that the epidermal mucus of Tilapia from fishpond is 
significantly higher from epidermal mucus from fish tank but not comparable 
to positive control when tested against B. megaterium (Table 2). 


Effects of Treatments against P. aeruginosa 


The epidermal mucus of Tilapia from fishpond and fish tank did not 
show any zone of inhibition against P. aeruginosa (Table 2). 


Effects of Treatments against C. albicans 


In this study, both of the epidermal mucus of Tilapia from fishpond 
and fish tank showed zones of inhibition against C. albicans (Figure 2; CAR2). 
The ANOVA showed that there were significant differences in the treatments 
against C. albicans. DMRT proved that the epidermal mucus of Tilapia from 
fishpond and the epidermal mucus of Tilapia from fish tank were not 
significantly different from each other and not comparable to positive control 
when tested against C. albicans (Table 2). 


Effects of Treatments against A. niger 


Both the epidermal mucus of Tilapia from fishpond and fish tank did 
not show any inhibitory effect towards A. niger (Table 2). 


Effects of Treatments against A. flavus 


The epidermal mucus of Tilapia from fishpond showed zones of 
inhibition when tested against A. flavus while epidermal mucus of Tilapia 
from fish tank did not (Figure 2; AFR3). ANOVA proved that there were 
significant differences in the effects of the treatments when tested against A. 
flavus. DMRT proved that the antifungal property of epidermal mucus from 
fishpond is not comparable to positive control when tested against A. flavus 
(Table 2). 


Table 3 shows the average zones of inhibitions by the treatments where 


it shows that P. aeruginosa and A. niger were the most resistant test 
microorganisms while B. subtilis and B. cereus are the most susceptible. 
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Table 3. Average zones of inhibitions by the treatments towards the test 
microorganisms and their interpretations. 


Mean +sd 
3 ; Environmental (mm) of < 
Test Microorganisms Conditions Foneot Interpretation 
Inhibitions 
re ; Fishpond 11.5+2.68 Resistant 
Pechercligical Fish tank oO Resistant 
Fishpond 8.75+1.19 Resistant 
eraphyloccocus aureus Fish tank 8.375+1.19 Resistant 
: ar Fishpond 15.25+1.60 Intermediate 
Bacillus subtilis Fish tank 9.25+1.60 Resistant 
Bacill ; Fishpond 20+2.68 Sensitive 
Cee Ae Fish tank 12.75+2.68 Resistant 
Baaihieawade aaa Fishpond 8.5+0.88 Resistant 
g Fish tank O Resistant 
Pseudomonas aeruginosa Eisnpond ° Besistant 
ee Fish tank O Resistant 
: : Fishpond 13.75+1.70 Intermediate 
Candida albicans Fish tank 13.6+1.70 Intermediate 
Kepieline visor Fishpond O Resistant 
Pye Fish tank O Resistant 
‘ Fishpond 7.75+0.72 Resistant 
Aspergilids flavus Fish tank ) Resistant 
DISCUSSION 


The epidermal mucus of Tilapia collected from two environmental 
conditions, the fishpond and fish tank showed antimicrobial property. Fishes, 
like Tilapia, excrete mucus on their epidermal and epithelial cells (Pickering 
1974; Ellis 1999) that acts as a lubricant (Rosen and Cornford 1971) and has 
its mechanical protective function (Cameron and Endean 1973) which 
involved in osmoregulation and locomotion, playing a possible immunological 
role (Fletcher 1978) that controls their intra-specific chemical communication 
(Saglio and Blance 1989). Mucus layer is a biological interface between fish 
and their aqueous environment that consists of biochemical diverse secretions. 
Over the past years, it has also been shown that mucus plays a pivotal role in 
the prevention of colonization by parasites, bacteria and _ fungi 
(Bragadeeswaran 2011) which this study has also proven. 


Rao et al. (2015) found that Tilapia mucus has high protein content 
and acidic extract compared to other freshwater fish species. The acidic mucus 
extracts of Tilapia also showed potent bactericidal activity against a wide 
range of fish and human pathogens (Subramanian et al. 2008). One inherent 
property of tilapia such as the antimicrobial components in the acidic mucus 
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extracts of tilapia mucus are believed to have a key role in host defense against 
pathogenic infection (Rao et al. 2015) such as Vibrio harveyi (Forlenza et al. 
2008) in the aqueous environment. Aside from the mucus, the skin also 
expresses genes that may enhance immune system including antimicrobial 
peptides, cytokines, complements, major histocompatibility complex (MHC) 
and immunoglobulins. These genes that are located in the skin produce 
substances which are then released to the surface and integrate with the 
mucus, thereby enhancing the first line of defense in fish against pathogens 
(Gonzalez et al. 2007). 


The functional property of the mucus depends on its capacity to form 
gel on the epithelial surface (Bragadeeswaran 2011). This mucus is secreted by 
the epidermal goblet cells, composed mainly of water and gel forming 
macromolecules such as mucins and other glycoproteins (Martinez et al. 
2006). In addition, fish mucus also contains a variety of biologically active 
substances such as lysozyme, lectins, flavoenzymes and immunoglobulin. It 
was reported that the epithelial tissues produce antimicrobial molecules 
which serve as the first line of a host’s defense against microbial invasion in a 
variety of vertebrates (Villarroel et al. 2007). 


In this study, the epidermal mucus of Tilapia obtained from fishpond 
has higher antimicrobial effect compared to epidermal mucus of Tilapia from 
fish tank. The two environmental conditions have differences in their 
environmental parameters (e.g., water temperature, dissolved oxygen 
concentration, pH) suggesting that there is a variation in type and level of 
innate immune factors in mucus between species inhabiting different 
ecological niches (Jensen 2015). Ponds have a wide variety of microbial life. 
Nutrients are brought to the pond by streams that feed into, run off during 
rain, or by the human anthropogenic activities (Ehiagbonare and Ogunrinde 
2010). The water in soil, animal waste and decaying plant matter in the pond 
are broken down and used to fuel the pond ecosystem. Many animals that live 
in the surrounding area, migrating birds and nearby plants depends on these 
ponds for a rich source of nutrient and water (Ehiagbonare and Ogunrinde 
2010). The presence of the following bacterial genera Aeromonas, Klebsiella, 
Micrococcus, Alcaligenes, Vibrio, Flavobacterium, Bacillus, Pseudomonas 
and Coryneforms and fungal species Mucor, Aspergillus, Microsporum, 
Trichophyton and Chrysosporum were more prevalent in pond water 
(Okaeme and Olufemi 1997). Some of these microbes have been implicated as 
the major causative organisms of known diseases of fish (Nahiduzzaman et al. 
2000; Sarkar and Rashid 2012) and could also trigger the fish pond fishes to 
elicit protective mechanisms such as antimicrobial compounds in mucus 
which is more potent. On the other hand, using fish tanks allows the fish 
culturist to manage stocks and have a good deal of control over environmental 
parameters that can be adjusted to promote maximum production (DeLong et 
al. 2009). Since Tilapia has limited access to natural foods in tanks, they must 
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be fed a complete diet containing vitamins and minerals (Rakocy and McGinty 
1989), though in this study, tilapia were only fed with floating pellets. In small 
tanks, it is practical and economical to treat diseases with therapeutants 
applied to the culture water (DeLong et al. 2009) suggesting that Tilapia may 
have depended their defense mechanism on this. Unlike on fishpond, fish are 
fed with rice bran, flour, peanut cake or pellet (Sarker et al. 2011). 


Diets with functional ingredients are becoming a part of the preventive 
health strategy in fish farms (Bricknell and Dalmo 2005; Covello 2012). The 
strengthening of the skin and mucus layer through dietary modulation could 
play a role in preventing damage, parasite attachment, promote faster 
recovery of damaged skin (Jensen 2015) and could be source of nutrients and 
substrate for growth by certain bacteria (Shoemaker and LaFrentz 2015). In 
addition, the composition and rate of mucus secretion has been observed to 
change in response to microbial exposure or to environmental perturbation 
such as hyperosmolarity and acidity (Ellis 1999). The structure of fish skin is 
highly adapted to the aqueous environment (Jensen 2015). There is also 
evidence that the mucus composition varies with season, smoltification, 
salinity, stress, disease, parasite attack (Schrock et al. 2001; Mustafa et al. 
2005; Roberts and Powell 2005; Easy and Ross 2009, 2010; Li et al. 2012; 
Guardiola et al. 2014) and environmental conditions (Blackstock and 
Pickering 1982). Living in a pathogen-rich environment makes fish vulnerable 
to infections, and therefore reliant on a potent first defense line (Jensen 2015). 


Differences in activities of antimicrobial enzymes, such as lysozyme 
and proteases, and how they relate to the structure and composition of mucus 
and epidermal layers, may also relate to the differences observed in disease 
resistance (Mozumder 2005) which may explain the observation why the 
epidermal mucus of Tilapia from fishpond smelled more fishy compared to 
the epidermal mucus of Tilapia from fish tank. The mucus holds some 
proteases (serine protease, cysteineprotease, metalloprotease and trypsin like 
protease) having strong antibacterial activity (Fast et al. 2002) such as in 
Tilapia (Sriket 2014). 


Rao et. al (2015) compared the bactericidal activity of Tilapia to other 
fishes and it was found out that Tilapia and bagrid catfish have showed a broad 
spectrum of bactericidal activity against E. coli. The acidic mucus extract of 
tilapia and bagrid catfish were found to inhibit most of the human pathogens 
such as FE. coli, Streptococcus entericaserovar typhimirium,_ S. 
entericaserovar enteritidis, Klebsiella pneumoniae, P. aeruginosa, 
Methicillin-resistant S. aureus (MRSA), Micrococcus luteus, B. subtilis and 
Aeromonas hydrophila. Similarly, the acidic mucus extracts of brook trout, 
haddock and hagfish showed bactericidal activity against a wide range of fish 
and human pathogens (Subramanian et al. 2008). This suggests that 
antimicrobial components in the acidic mucus extracts may have a key role in 
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host defense against pathogenic infection in the aqueous environment. 
Previous studies have shown a variety of antimicrobial proteins such as 
(paradaxinand pleurocidin) from fish mucus that is potentially involved in the 
protective function against invading pathogens (Cole et al. 1997). 


On the other hand, this study found that the epidermal mucus of 
Tilapia from fishpond showed antimicrobial effects against most of test 
microorganisms except when tested against P. aeruginosa and A. niger for 
both exhibit cytotoxicity (Rivera et al. 2014) while epidermal mucus of Tilapia 
from fish tank showed only antimicrobial property when tested against S. 
aureus, B. cereus, B. subtilis, and C. albicans. The epidermal mucus of Tilapia 
from fishpond showed the higher antimicrobial property against S. aureus, B. 
cereus, B. subtilis, C. albicans, E. coli, B. megaterium and A. flavus. Gram- 
negative bacteria have an effective permeability barrier, comprised of a thin 
lipopolysaccharide exterior membrane, which could restrict the penetration of 
the epidermal mucus while Gram positive bacteria have a mesh-like 
peptidoglycan layer which is more accessible to permeation of epidermal 
mucus (Zgurska et al. 2015). 


The present work supports the view that fish mucus could be a source 
of antimicrobial agent for animal pathogens. Further purification of the 
bioactive compounds is necessary in order to identify their chemical nature 
and to evaluate their potential as novel drug. Similar study can be done using 
the same or different species including other environmental conditions such 
as natural lakes. 


ACKNOWLEDGEMENTS 


The researchers would like to thank the WPU-PPC Aquatic Sciences 
Laboratory and Iwahig Prison Penal Farm for the sources of Tilapia in fish 
tanks and fish ponds. And also to the two anonymous reviewers who helped in 
improving this paper. 


REFERENCES 


Argayosa AM, Bernal RAD, Luczon AU and Arboleda JS. 2011. 
Characterization of mannose-binding protein isolated from the 
African catfish (Clarias gariepinus) serum. Aquaculture, 310: 274-280. 

Blackstock N and Pickering AD. 1982. Changes in the concentrations and 
histochemistry of epidermal mucous cells during the alevin and fry 
stages of the brown trout Salmo trutta. Journal of Zoology, 197: 463- 
A471. 


The Palawan Scientist, 12: 43-60 
© 2020, Western Philippines University 


55 


Sajorne and Mabuhay-Omar: Antimicrobial property of the epidermal mucus of Tilapia 


Bragadeeswaran S. 2011. Antimicrobial and hemolytic activity of fish 
epidermal mucus Cynoglossus arel and Arius caelatus. Asian Pacific 
Journal of Tropical Medicine, 4(4): 305-309. 

Bricknell I and Dalmo RA. 2005. The use of immunostimulants in fish larval 
aquaculture. Fish Shellfish Immunology, 19: 57-72. 

Boyd CE. 1990. Water Quality in Ponds for Aquaculture. Alabama Agricultural 
Experimental Station, Auburn University. 482pp. 

Cameron A and Endean R. 1973. Epidermal secretions and evolution of venom 
glands in fishes Toxicon. Cancre I (1999), 11: 401-410. 

Caipang CMA, Avenido P, Dechavez R and Jaspe CJ. 2011. Moderate 
inhibition of luminous Vibrio harveyi by aqueous extracts obtained 
from the skin of Tilapia, Oreochromis sp. Philippine Journal of Science, 
140(2): 173-178. 

Cole A, Weis P and Diamond G. 1997. Isolation and characterization of 
pleurocidin, an antimicrobial peptide in the skin secretions of winter 
flounder. Journal of Biological Chemistry, 272: 12008-12013. 

Covello JM. 2012. Effects of orally administered immunostimulants on 
inflammatory gene expression and sea lice (Lepeophtheirus salmonis) 
burdens on Atlantic salmon (Salmo salar). Aquaculture, 366-367: 9- 
16. 

Dash S, Das SK, Samal JK and Thatoi HS. 2018. Epidermal mucus, a major 
determinant in fish health: a review. Iranian Journal of Veterinary 
Research, 19(2): 72-81. 

DeLong DP, Losordo TM and Rakocy JE. 2009. Tank Culture of Tilapia. 
Southern Regional Aquaculture Center. SRAC Publication No. 282. 

Dutta S, Sinha B, Bhattacharya B, Chatterjee B and Mazumder S. 2005. 
Characterization of a galactose binding serum lectin from the Indian 
catfish, Clarias batrachus: possible involvement of fish lectins in 
differential recognition of pathogens. Comparative Biochemistry and 
Physiology - Part C: Toxicology, 141: 76-84. 

Easy RH and Ross NW. 2010. Changes in Atlantic salmon Salmo salar mucus 
components following short- and long-term handling stress. Journal 
of Fish Biology, 77: 1616-1631. 

Easy RH and Ross NW. 2009. Changes in Atlantic salmon (Salmo salar) 
epidermal mucus protein composition profiles following infection with 
sea lice (Lepeophtheirus salmonis). Comparative Biochemistry and 
Physiology D, 4(3): 159-167. 

Ellis A. 1999. Immunity to bacteria in fish. Fish Shellfish Immunology, 9: 291- 
308. 

Ehiagbonare JE and Ogunrinde YO. 2010. Physicochemical analysis of fish 
pond in Okada and its environs, Nigeria. African Journal of 
Biotechnology, 36: 5922-5928. 

Fast MD, Sims DE, Burka JF, Mustafa A and Ross NW. 2002. Skin 
morphology and humoral non-specific defense parameters of mucus 
and plasma in rainbow trout, Coho and Atlantic salmon. Comparative 


The Palawan Scientist, 12: 43-60 
© 2020, Western Philippines University 


56 


Sajorne and Mabuhay-Omar: Antimicrobial property of the epidermal mucus of Tilapia 


Biochemistry and Physiology Part A: Molecular and Integrative 
Physiology, 132(3): 645-657. 

Fletcher T. 1978. Defense mechanisms in fish. In: Malins DC and Sargent JR 
(eds). Biochemical and Biophysical Perspectives in Marine Biology. 
London Academic Press, pp. 189-222. 

Forlenza M, Walker PD, de Vries BJ, Wendelaar Bonga SE and Wiegertjes GF. 
2008. Transcriptional analysis of the common carp (Cyprinus carpio 
L.) immune response to the fish louse Argulus japonicus Thiele 
(Crustacea: Branchiura). Fish and Shellfish Immunology, 25: 76-83. 

Gonzalez SF, Buchmann K and Nielsen ME. 2007. Real-time gene expression 
analysis in carp (Cyprinus carpio L.) skin: inflammatory responses 
caused by the ectoparasite Ichthyophthirius multifiliis. Fish Shellfish 
Immunology, 22: 641-650. 

Guardiola FA, Cuesta A, Abellan E, Meseguer J and Esteban M. 2014. 
Comparative analysis of the humoral immunity of skin mucus from 
several marine teleost fish. Fish Shellfish Immunology, 40: 24-31. 

Guerrero III RD. 2019. Farmed tilapia production in the Philippines is 
declining: what has happened and what can be done. Philippine 
Journal of Science, 148 (2): XI-XV. 

Jensen LB. 2015. Nutritional and environmental impacts on skin and mucus 
condition in Atlantic salmon (Salmo salar). Doctor of Philosophy, 
Department of Biology, University of Bergen, Norway. 76pp. 

Hellio C, Pons AM, Beaupoil C, Bourgougnon N and Le Gal Y. 
2002. Antibacterial, antifungal and cytotoxic activities of extracts from 
fish epidermis and epidermal mucus. International Journal of 
Antimicrobiology Agents, 20: 214-219. 

Lu A, Hu X, Xue J, Zhu J, Wang Y and Zhou G. 2012. Gene expression profiling 
in the skin of zebra fish infected with Citrobacter freundii. Fish 
Shellfish Immunology, 32(2): 273-283. 

Makori AJ, Abuom PO, Kapiyo R, Anyona DN and Dida GO. 2017. Effects of 
water physico-chemical parameters on tilapia (Oreochromis niloticus) 
growth in earthen ponds in Teso North Sub-County, Busia County. 
Fisheries and Aquatic Sciences, 20: 1-10. 

Martinez —Anton A, de Bolos C, Garrido M, Roca-Ferrer J, Barranco C and 
Xaubet A. 2006. Mucin genes have different expression patterns in 
healthy and diseased upper airway mucosa. Clinical Experiment 
Allergy, 36: 448-457. 

Mozumder MMH. 2005. Antibacterial activity in fish mucus from farmed fish. 
MS in International Fisheries and Management, Department of 
Marine Biotechnology, Norwegian College of Fisheries Sciences, 
University of Tromso, Norway. 49pp. 

Mustafa A, Mackinnon BM and Piasecki W. 2005. Interspecific differences 
between Atlantic salmon and Arctic char in susceptibility to infection 
with larval and adult Caliguse longatus: Effect of skin mucus protein 


The Palawan Scientist, 12: 43-60 
© 2020, Western Philippines University 


57 


Sajorne and Mabuhay-Omar: Antimicrobial property of the epidermal mucus of Tilapia 


profiles and epidermal histological differences. Acta Ichthyologica Et 
Piscatoria, 35: 7-13. 

Nahiduzzaman T, Ehshan A, Chowdhury BR and Mridha AR. 2000. Studies 
on bacterial flora in a farmed Catfish, Clarias Hybrid. Pakistan 
Journal of Biological Sciences, 3: 429-432. 

Nandlal S and Pickering T. 2004. Tilapia grow-out in ponds. Tilapia fish 
farming in Pacific Island Countries 2. 58pp. 

Nwokoye CO, Nwuba LA and Eyo JE. 2007. Induced propagation of African 
clariid catfish, Heterobranchus bidorsalis (Geoffrey Saint Hillarie, 
1809) using synthetic and homoplastic hormones. African Journal of 
Biotechnology, 6(23): 2687 — 2693. 

Okaeme AN and Olufemi NB. 1997. Fungi associated with Tilapia culture 

ponds in Nigeria. Journal of Aquatic Tropical, 12: 267-274. 

Osawe M. 2007. Technical know-how of Catfish grow-out for table size in 4— 
6 months. Proceedings of Seminar on Modern Fish Farming by 
Dynamo Catfish Production, Lagos. 14pp. 

Pickering AD. 1974. The distribution of mucus cells in the epidermis of the 
brown trout Salmo trutta (L) and the char Salvelinus alpinus (L). 
Journal of Fish Biology, 6: 111-118. 

Pillay TVR. 1990. Aquaculture Principles and Practices. Blackwell Science, 
Oxford, UK. Fishing News Books. 575pp. 

Rakocy JE. 2005. Tank culture of tilapia. thefishsite.com/articles/tank- 
culture-of-tilapia. Accessed on 13 January 2020. 

Rakocy JM and McGinty AS. 1989. Pond Culture of Tilapia. Southern Regional 
Aquaculture Center No. 280. 

Rao V, Marimuthu K, Kupusamy T, Rathinam X, Arasu MV, Al-Dhabi NA and 
Arockiaraj J. 2015. Defense properties in the epidermal mucus of 
different freshwater fish species. Aquaculture, Aquarium, 
Conservation and Legislation. International Journal of the Bioflux 
Society, 8(2): 184-194. 

Rivera DV, Gonzalez O, Rodriguez JG, Pérez AL, Zarzosa AO, Bucio 
JL, Carmen VM and Garcia JC. 2014. Cytotoxicity of Cyclodipeptides 
from Pseudomonas aeruginosa PAO1 Leads to Apoptosis in Human 
Cancer Cell Lines. BioMed Research International. 1-9. 

Roberts S and Powell M. 2005. The viscosity and glycoprotein biochemistry of 
salmonid mucus varies with species, salinity and the presence of 
amoebic gill disease. Journal of Comprehensive Biology B, 175: 1-11. 

Rosen MW and Cornford NE. 1971. Fluid friction of fish slimes. Nature, 234: 
49-51. 

Saglio P and Blance J. 1989. Intraspecific chemo-communication in immature 
goldfish, Carassius auratus (L): attraction in olfactometer to free 
amino acid fractions from skin extracts. Behavioral Biology, 14: 132- 
147. 


The Palawan Scientist, 12: 43-60 
© 2020, Western Philippines University 


58 


Sajorne and Mabuhay-Omar: Antimicrobial property of the epidermal mucus of Tilapia 


Sarkar MJA and Rashid MM. 2012. Pathogenicity of the bacterial isolate 
Aeromonas hydrophila to catfishes, carps and perch. Journal of the 
Bangladesh Agricultural University, 10(1): 157-161. 

Sarker AK, Datta GC, Razzak MA, Alam MH, Mondal B and Sarwardy M. 2011. 
Training Manual on Improved Tilapia Culture and Dyke Cropping in 
Pond/Gher. WorldFish Center. 52pp. 

Schrock RM, Smith SD, Maule AG, Doulos SK and Rockowski JJ. 2001. 
Mucous lysozyme levels in hatchery coho salmon (Oncorhynchus 
kisutch) and spring chinook salmon (O. tshawytscha) early in the 
parr—smolt transformation. Aquaculture, 198: 169-177. 

Shephard KL. 1994. Functions for fish mucus. Reviews in Fish Biology and 
Fisheries, 4: 401-429. 

Sriket C. 2014. Proteases in fish and shellfish: Role on muscle softening and 
prevention. International Food Research Journal, 21: 433-445. 

Shoemaker C and LaFrentz B. 2015. Growth and survival of the fish 
pathogenic bacterium, Flavobacterium columnare, in tilapia mucus 
and porcine gastric mucin. FEMS microbiology letters, 362: 1-5. 

Subramanian S, Ross NW and Mackinnon SL. 2008. Comparison of 
antimicrobial activity in the epidermal mucus extracts of fish. 
Comparative Biochemistry and Physiology Part B: Biochemistry and 
Molecular Biology, 150: 85-92. 

Suzuki Y, Tasumi S, Tsutsui S, Okamoto M and Suetake H. 2003. Molecular 
diversity of skin mucus lectins in fish. Biochemistry and Molecular 
Biology, 136: 136-730. 

Tower L. 2005. Farming Tilapia: Life History and_ Biology. 
thefishsite.com/articles/tilapia-life-history-and-biology. Accessed on 
2 Aug 2016. 

Tendencia EA. 2004. Disk diffusion method. In Laboratory manual of 
standardized methods for antimicrobial sensitivity tests for bacteria 
isolated from aquatic animals and environment. Southeast Asian 
Fisheries Development Centre-Aquaculture Department, Tigbauan, 
Iloilo, Philippines. pp. 13-29. 

Tsutsui S, Nishikawa H, Mano N, Hirose H, Tasumi S, Suetake H and Suzuki 
Y. 2006. Possible role of a skin mucus lectin from fugu Takifugu 
rubripes in excluding marine bacteria from the body surface. Fisheries 
Science, 72: 455-457. 

Tsutsui S, Iwamoto K, Nakamura O and Watanabe T. 2007. Yeast-binding C- 
type lectin with opsonic activity from conger eel (Conger myriaster) 
skin mucus. Molecular Immunology, 44: 691-702. 

Villarroel F, Bastlas A, Casado A, Amthaur R and Concha MI. 2007. 
Apolipoprotein A-I, an antimicrobial protein in Oncorhynchus 
mykiss: evaluation of its expression in primary defense barriers and 
plasma levels in sick and healthy fish. Fish and Shellfish Immunology, 
23: 197-209. 


The Palawan Scientist, 12: 43-60 
© 2020, Western Philippines University 


59 


Sajorne and Mabuhay-Omar: Antimicrobial property of the epidermal mucus of Tilapia 


Wibowbo A, Fadjar M and Maftuch L. 2015. Utilization of tilapia mucus to 
inhibit Vibrio harvey. Journal of Life Sciences and Biomedicine, 5(5): 
141-148. 

World Seafood Market. 2005. A Fish Called Tilapia. 
thefishsite.com/articles/a-fish-called-tilapia. Accessed on 2 Aug 2016. 

Zgurskaya HI, Lopez CA and Gnanakaran S. 2015. Permeability barrier of 
gram-negative cell envelopes and approaches to bypass it. ACS Infect 
Disease, 1(11): 512-522. 


ARTICLE INFO Role of authors: RES — Conceptualized the study, 

conducted the sampling and laboratory assay, 
Received: 08 January 2019 analyzed the data and wrote the manuscript; 
Revised: 17 March 2020 JAMO — Guided the study conceptualization, 
Accepted: 23 March 2020 supervised the sampling and laboratory assay, 


Available online: 30 March 2020 guided the data analysis and revised and 
improved the manuscript. 


The Palawan Scientist, 12: 43-60 
© 2020, Western Philippines University 


60 


